on a glass slide under a dissecting microscope using a fine needle and forceps (Fig. S1 ).
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Materials and Methods
Isolation of embryo and endosperm DNA
Torpedo-stage seeds from wild type Col-gl and Ler self-fertilized plants were dissected in a 0.3 M sorbitol/5mM MES (2-[N-morpholino] ethanesulfonic acid) solution on a glass slide under a dissecting microscope using a fine needle and forceps (Fig. S1 ).
The seed coat was discarded. Embryos and endosperm were stored on ice in the sorbitol solution before processing. Embryos were washed several times to remove contaminating endosperm. DNA was isolated using a CTAB procedure and treated with RNAse. Seeds from 30 siliques (~1500-1800 seeds) from several different individuals were used for each experiment. dme-2 +/-individuals in either the Col-gl or Ler background (S1) were identified from an F 4 population of wild type and heterozygous plants. Seeds with the dme endosperm-overproliferation phenotype were dissected. The endosperm is mostly chalazal. These seeds are a mixture of heterozygous (mutant allele from mother only) and homozygous mutants. Seeds with a wild type phenotype in the same silique were at the late torpedo or walking stick stage and were not dissected.
DNA was isolated in the same manner as for wild type and digested with RNase. The same DNA was used for 5-methylcytosine IP and bisulfite sequencing.
5-methylcytosine IP
All manipulations were performed simultaneously for tissue in the same background (Col-gl or Ler). The sonication and IP for Col-0 whole plant DNA was performed separately. Genomic DNA was sonicated to less than 650 bp with an average size of 300-400 bp. 4 μg of sonicated heat-denatured DNA was immunoprecipitated with 10 μg of 5-methylcytosine antibody (Eurogentec) in 500 μl of 1x meDIP (methylated DNA immunoprecipitation) buffer (10 mM Na-phosphate pH 7.0, 140 mM NaCl, 0.05% Triton X-100) with rotation for 2.5 hours at 4° C. 40 μl of sheep -mouse IgG dynabeads (Invitrogen) that had been pre-washed in PBS/0.1 % BSA and resuspended in 1x meDIP buffer were added and rotation continued for 2 hours at 4° C. Dynabeads were collected with a magnet and washed three times for 10 min each in 700 μl 1x meDIP buffer at room temperature. The beads were suspended in 250 μl proteinase K digestion buffer with 70 μg proteinase K and digested at 50° C for 1.5 hours. DNA was purified by phenol/chloroform extraction followed by ethanol precipitation and suspended in 30 μL 10 mM Tris (S2) .
Illumina library construction and sequencing
Immunoprecipitated DNA was heated to 95° C and slowly cooled to room temperature to generate dsDNA. DNA was end repaired in a 50 μl reaction with 1x T4 DNA ligase buffer, 0.4 mM dNTPs, 7.5 U T4 DNA polymerase, 2.5 U Klenow and 22.5 U T4 PNK at 20° C for 30 min (all enzymes from New England Biolabs [NEB] ). DNA was purified with the Qiaquick PCR purification kit and an A overhang added by incubating the DNA in a 50 μl reaction with 0.2 mM dATP, 15 U Klenow exo -and 1x Buffer 2 (NEB) at 37° C for 30 min. Illumina adapters were ligated to purified DNA using approximately a 10:1 molar ratio of adapters to DNA in a 50 μl reaction with 1x Quick Ligase Buffer and 300 U Quick Ligase (NEB) incubated at room temperature for 15 min. DNA was purified and separated on a 2% agarose gel. The 100-200 bp and 200-300 bp sizes were cut out of the gel and purified. DNA was amplified for 18 cycles in a 50 μL PCR reaction using Phusion DNA polymerse mix and PCR primer1.1 and 2.1 from the Illumina genomic DNA 3 sample prep kit and sequenced using the Illumina Genome Analyzer (26 bp read length) (S3) . For whole plants only the 100-200 bp population was sequenced. Sequencing and image processing was performed by FHCRC Genomics Shared Resources.
Creating and comparing methylation profiles
Reads were aligned to the TAIR8.0 version of the Arabidopsis genome using MAQ v0.6.3 (S4). Methylation profiles were created from uniquely mapping reads with a quality score greater than or equal to 20, although similar results were obtained using a quality score greater than or equal to 1. Each read represents the end of an immunoprecipitated DNA fragment, and not the precise location of methylation. To compensate for this, the midpoint of each immunoprecipitated fragment was determined by adding half of the average size of the sequenced DNA fragments to the location of the read (i.e. 75 bp for 100-200 bp DNA, 125 bp for 200-300 bp DNA). Each read was distributed over length of the fragment using a Gaussian distribution centered at the fragment midpoint. Profiles were created using the kernel density estimation function in R (http://www.r-project.org) with a bandwidth of 50 bp, and were then divided into 100-bp bins. The total number of reads for each profile was set to 1, so that profiles made from different numbers of reads could be directly compared. The number of actual reads used to create each profile is provided in Table S1 .
Methylation profiles were compared in overlapping 300-bp segments, sliding 100 bp each time (correlation coefficients were also determined from these profiles). The methylation in each 300-bp segment represented the average methylation of the 3 100-bp bins comprising it. Values for all 300-bp segments were multiplied by 10 6 . A difference score was calculated for each segment by subtracting the read value for profile B from profile A and dividing by the square root of the value of (A+B) ( Fig. 2A) .
Microarray analysis
We purchased microarrays from NimbleGen, Inc, using the genome-wide tiling array design previously described (S5) . Hybridization, processing and scanning were carried out by FHCRC Genomics Shared Resource. Illumina 200-300 bp meDIP and input libraries were labeled with Cy3 and Cy5 as described (S5) . A 6-fold molar excess of unlabeled Illumina adapters and primers was added to the hybridization to prevent annealing among the ends of labeled fragments.
Analysis of Average Methylation in Genomic Features
Annotated features (genes or transposable element genes, TAIR8.0) were Genes are the 18331 protein-coding genes with both the 5 and 3 UTR annotated. For analyses data from at least 200 features was averaged at each point. For Fig. 3 and Fig.   S5 , protein-coding genes were analyzed even if the 5 and 3 UTR were not annotated.
Bisulfite Sequencing
DNA (~1 μg) was digested with restriction enzymes or sheared with sonication and treated with sodium bisulfite as described (S7) . PCR products were cloned into pCR2.1 TOPO (Invitrogen) vector and sequenced. Primer sequences are listed in Table   S8 . All data in Figure S5 is from the Col-gl background unless otherwise indicated. For allele-specific methylation analysis, plants were emasculated and crossed the next day.
F 1 seeds were dissected at the torpedo stage, 6-7 days after pollination depending on the direction of the cross (Ler female x Col-gl male or Col-gl male X Ler female). DNA from ~300 seeds was pooled.
Allele-specific expression analysis
Carpels from stage 12-13 flowers were emasculated and pollinated 24 hours later. Seeds were dissected in embryo and endosperm 7 days after pollination at the late torpedo stage of embryogenesis. The seed coat was discarded. RNA was isolated using the RNAqueous Kit (Ambion). Tissue from 4-6 siliques was combined for each experiment. cDNA was made using random or gene-specific primers (Ambion RetroScript Kit). Allele-specific expression was determined by CAPS or dCAPS restriction digest of RT-PCR products or by direct sequencing. For each gene that appeared to be imprinted in initial experiments, expression analysis was performed in at least two sets of reciprocal crosses (Col-gl female crossed to Ler male or Ler female crossed to Col-gl male), representing four independent experiments. Details on primers are provided in Table S9 .
Supporting Text
Methylation profile of dme mutant endosperm
Differences in methylation between wild type embryo and endosperm might in part be due to active DNA demethylation by DME before fertilization. Regions demethylated by DME should be hypermethylated in dme endosperm compared to wild type endosperm.
Surprisingly, dme endosperm overall appears significantly less methylated than either wild type embryo or endosperm, with regions of local hypermethylation. Fewer nonuniquely-mapping reads (i.e. reads from repetitive DNA, which tends to be methylated)
were sequenced from dme endosperm than wild type endosperm (43.1% vs. 49%) ( Table S1 ). Hybridization of methylated DNA from dme endosperm to tiling arrays shows significantly less methylation in dme endopserm than wild type endosperm ( Fig. S2 ).
Most of the top DMRs associated with dme are negative ( Fig. S3 ), indicating more methylation in wild type than dme. The majority of negative DMRs occur within the 3900 transposable elements genes ( Fig S3) . Bisulfite sequencing data indicated that although CG sites were hypermethylated in dme endosperm compared to wild type endosperm, non-CG methylation was often similar to or less than wild type (Fig. S5 ). This observation might explain why transposable element genes are less methylated in dme endosperm than wild type endosperm, as these elements are often subject to high levels of non-CG methylation. We performed bisulfite sequencing on the 5 end of an ATLINE transposable element gene (AT5G28545) predicted to be less methylated in dme endosperm than wild type endosperm. While dme endosperm exhibited slightly higher levels of CG methylation than wild type endosperm, non-CG methylation decreased, resulting in an overall decrease in DNA methylation (Fig. S5 ). Loss of non-CG methylation in transposable element genes could be a secondary effect not directly dependent on DME.
New Imprinted Genes
Methylation at HDG8 is lost 1.1 kb 5 of the gene in a region adjacent to a HELITRONY3 element. HDG8 is expressed predominantly but not exclusively from the maternal allele (Fig. 4A ). In the Col-gl female X Ler male cross, only Col-gl transcript was detected. However, some expression from the paternal Col-gl allele was detected in the reciprocal cross (Fig. 4A ). Sequencing of RT-PCR clones indicated that 81% of the transcripts were from the maternal allele, whereas 19% were from the paternal allele (n=31). In contrast, for the control biallelically expressed gene VPE, 64% of the transcripts are from the maternal allele and 36% from the paternal allele (n=55 clones), a ratio similar to the 2:1 ratio of maternal to paternal genomes in the endosperm. Due to a lack of SNPS suitable for restriction enzyme analysis, we sequenced HDG3 RT-PCR clones from Col-gl and Ler reciprocal crosses. 14% of the transcripts were from the maternal allele, whereas 86% were from the paternal allele (n=58 clones). AT5G62110
is expressed primarily from the paternal allele (90% paternal, 10% maternal, n=82
clones) (Fig. 4B ) in the endosperm. AT5G62110 has an unusual gene structure; 2 sets of large direct repeats overlap introns and exons and a third set of 3 short direct repeats is contained in exon 12. These repeats are less methylated in the endosperm. Several alternatively spliced transcripts are produced from the gene. We assayed transcripts close to the predicted size.
One of the best-studied imprinted genes is FWA, which is demethylated in the central cell at a SINE-related sequence that resides in the first exon of the gene (S8, S9) . Expression of FWA is clearly under the control of DNA methylation in all tissues;
FWA is highly overexpressed in vegetative tissues of the met1 mutant (METHYLTRANSFERASE1 maintains CG methylation after DNA replication). Simple interference with transcription initiation by DNA methylation is probably not the molecular mechanism of control for most of the new imprinted genes we identified. None of them are overexpressed in vegetative tissues of met1 mutants as assayed by microarray expression analysis (S5, S10) . DNA methylation might exert its effect at these loci through other molecular means, as has been found for several imprinted animal genes. This is particularly true for genes that are paternally expressed and maternally silent.
The only other previously known imprinted gene that is paternally expressed and maternally silent, PHE1, loses methylation at a Helitron remnant 2.5 kb 3 of the gene (Fig. 2B ). Paternal expression of PHE1 requires 3 methylation on the paternal allele (S11). We find that the expressed paternal endosperm allele of HDG3 is more methylated than the silent maternal endosperm alleles (Fig. 4D) .
Several of the new imprinted genes are part of the class IV homeodomain transcription factor gene family that includes FWA. HDG8 and HDG9, are paralogues that arose after a whole-genome duplication (S12). The 5 sequences that are demethylated derive from Helitron transposable elements. HDG3 is also imprinted and demethylated at a Helitron remnant but its paralogue, HDG2, is likely not imprinted, despite the fact that a Helitron-derived fragment resides 5 of the gene. This fragment does not appear to be methylated in the embryo and HDG2 is expressed in multiple tissues throughout development (S12) . Phylogenetic analysis suggests that the duplication that gave rise to HDG2 and HDG3 is more ancient, occurring before the origin of angiosperms and double fertilization (S12) and thus likely before the evolution of plant imprinting.
Because endosperm demethylation occurs at transposable elements, which can vary in number and position within a species, our results suggests that imprinted genes could also vary within a species, such that only certain alleles of a gene are imprinted
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(allelic imprinting). Examining the extent of a gene s imprinting within Arabidopsis thaliana and closely-related species (S9, S13, S14) will be important for determining both what sequences are necessary for imprinting and understanding the evolutionary dynamics of imprinting of a particular gene. S5) . C) Example of a region on chromosome 1 where a methylation peak is observed in whole plants and embryos but is absent in endosperm (red arrow). Bisulfite sequencing of this region is presented in Figure S5 (chr1: 23250567-23250924). Figure S2 : MeDIP-array analysis of seed methylation. Distribution of signal scores (log2 [IP/input]) for embryo, endosperm, and dme endosperm meDIP DNA hybridized to Nimblegen tiling arrays. Bars represent the distribution of all ~382,000 probes on the array. Higher log ratios indicate more methylation. Dashed lines represent the log ratio value for methylated and unmethylated peaks in the embryo. The leftward shift in the methylated peak indicates that fewer methylated probes are detected overall in wild type endosperm than embryo, and the more pronounced leftward shift in dme indicates a more substantial loss of methylation. Overlap between the top 0.5% of methylation differences and sequence features. Each top DMR was matched to the feature it most overlapped. If it did not overlap any of the queried features it was placed in the "other" category. Genes represent 27,453 protein coding genes, transposable element genes are 3900 transposable element genes annotated in TAIR8.0. Blue bars, positive differences; gray bars, negative differences. In the embryo -endosperm comparisons, > 50% of the top positive DMRs fall within 2 kb 5' and 3' of genes. Most of the negative DMRs (endosperm more methylated than embryo), which represent a small fraction of total top DMRs, fall within the bodies of genes. This is also reflected in the ends analysis of methylation (Fig. 1B) . The appearance of increased methylation in gene bodies might be a technical artifact due to decreased methylation at many transposable element fragments in the endosperm genome. Less methylation at repetitive sequences in the endosperm would leave more antibody available to precipitate methylated DNA from gene bodies. In fact, methylation differences at negative DMRs within gene bodies were only validated by bisulfite sequencing in one of three instances (Fig. S5) . Figure S5 : Bisulfite sequencing confirmation of meDIP-seq methylation data. For each locus data are presented as the average % methylation at each type of cytosine (CG, CHG, or CHH) and the total % cytosine methylation of each bisulfite clone sequenced (dot plot, horizontal line represents the average of all clones). Regions either correspond to positive DMRs (embryo methylation > endosperm methylation), negative DMRs (endosperm methylation > embyro methylation) or fall outside of the 0.5% of top DMRs (neutral regions). Positive and neutral DMRs were confirmed, negative DMRs within genes were confirmed in only 1 of 3 instances, indicating that negative DMRs are more likely to be false positives. Neutral regions falling just below the cutoff of 1.2 also exhibit methylation differences (e.g. chr5: 5707171-5707802), suggesting that the top 0.5% cutoff is stringent. (Fig. 3B ) associated with top positive DMRs in Ler. The 5' and 3' flanking sequences are similarily hypomethylated in Col-gl endosperm, although to a lesser extent than for the 1276 Col-gl genes associated with the top DMRs (Fig. 3A) . B) Methylation profile in Ler of the 1276 Col-gl genes associated with top positive DMRs in Col-gl. Only 298 genes are in common between the two sets, which suggests that many DMRs fell below our conservative 0.5% cutoff. C) Methylation profile in Col-0 whole plants of 1276 Col-gl genes associated with the top DMRs (Fig. 3A) . The genes also have peaks of methylation in flanking regions, indicating that these genes are methylated at flanking sequences at most stages of the plant life cycle.
Col-gl genes in Col-0 whole plants (Table S3) . Genes were placed into their expression quintile for each tissue and the observed/expected ratio for each quintile calculated (no enrichment or depletion = 1) and graphed as box plots. The observed results do not deviate from the expected, indicating that genes with proximal methylation (Fig. 3A) can be expressed at a wide range of expression levels (low to high) in other tissues. Expression array data is from the Arabidopsis developmental series (S15) and includes ATGE1, ATGE29, ATGE37, ATGE43, ATGE45, ATGE73, ATGE79 and ATGE82. average # normalized reads Figure S8 : Loss of methylation contributes to endosperm-preferred expression. A) Average methylation profiles of genes exhibiting endosperm preferred (EP) expression (n=2568) compared to a control set preferred expression in other silique tissues (OST) (n=2648) (S16). In the embryo, genes with EP expression (green) are more methylated at 5' sequences than genes with OST-preferred expression (blue). This difference is significantly reduced in the endosperm (brown and purple, respectively). B and C) Methylation profiles of three genes with endosperm-preferred expression associated with DME-dependent methylation changes. The two adjacent seed storage/lipid transfer proteins AT5G38160 and AT5G38170 are expressed primarily in seeds (AtGenExpress) and exhibit endosperm-preferred expression (S16). Expression of AT5G38160 in leaves is repressed by the BRAHMA SNF2 chromatin remodeling ATPase (S17). AT5G38160 and AT5G38170 flank an ATMU10 element (AT5TE55090) that is demethylated in the endosperm, indicating that loss of methylation correlates with increased expression. CYCA1;1 (AT1G44110) is an endosperm-preferred gene that loses methylation at 5' and 3' flanking transposable element sequences in wild type endosperm; the methylation 3' of the gene is restored in the dme mutant. Red arrows indicate sites of positive DMRs (embryo methylation > endosperm methylation).
18 Figure S9 Imprinted Genes Non-imprinted Genes Imprinted genes are expressed primarily in seeds. Non-imprinted genes are expressed at other developmental stages. Many imprinted genes also show a slight peak of expression in mature pollen. This might reflect epigenetic alterations that occur in the pollen vegetative nucleus (S18). Expression data is from AtGenExpress developmental series (S15). B) Gene ontology categories of genes hypomethylated in the endosperm in three of four comparisons (n=96, Table S5 , green bars) and candidate imprinted genes (n=46, Table S7 , blue bars) in comparison to genes in the whole genome (n=24827, pink bars). Table S7 : Candidate imprinted genes. Embryo-endosperm differentially methylated genes with endosperm-preferred expression and low expression in other tissues. Genes without ATH1 developmental series expression data (n=30) will be missed in this analysis (e.g. AT4G00540) as will genes with methylation changes >1kb from the gene (e.g. PHERES1). Genes highlighted in yellow are imprinted. 
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